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Phylogenetic analysis of partial phosphoprotein and glycoprotein gene sequences showed that a single genetic lineage of
vesicular stomatitis virus (VSV) serotype New Jersey (NJ) caused the 1995 and 1997 outbreaks of vesicular stomatitis (VS)
in the western United States. While distinct from VSV-NJ strains causing previous outbreaks in the western United States and
those circulating in feral swine in the southeastern United States, this lineage was closely related to viral lineages circulating
in the Mexican states of Guerrero, Veracruz, and Oaxaca in 1996, 1989, and 1984 respectively. In 1997 and 1998, VSV
serotype Indiana 1 (IN1) re-emerged in the western United States after 30 years. Viruses causing these outbreaks grouped
within a single genetic lineage distinct from VSV-IN1 isolates causing outbreaks in the western United States in 1929 and
1956 but closely related to a strain circulating in the state of Colima in central Mexico in 1997. Our data showed that sporadic
VS outbreaks in the western United States are caused by genetically distinct viral lineages closer to those circulating in
enzootic areas of central and southern Mexico than to those causing previous outbreaks in the United States. The genetic
evidence and temporal distribution of outbreaks are not consistent with a pattern of long-term maintenance of VSV in the
western United States. © 2000 Academic PressINTRODUCTION
Vesicular stomatitis (VS) viruses are members of the
vesiculovirus genus in the family Rhabdoviridae. The
genome is ;11 kb and codes for five main proteins: the
nucleocapsid (N), phosphoprotein (P), matrix (M), glyco-
protein (G), and polymerase (L) (Rodriguez and Nichol,
1999). Nucleotide sequences of P and G genes have
been extensively used for phylogenetic analysis (Bilsel
and Nichol, 1990; Bilsel et al., 1990). Serologically, VS
viruses have been classified into two main serotypes:
New Jersey (NJ) and Indiana (IN). In addition to the
classic VSV-IN (IN1), two additional subtypes, Cocal virus
(VSV-IN2) and Alagoas virus (VSV-IN3), have been de-
scribed. VSV serotypes NJ and IN1 cause economically
important disease in livestock (cattle, horses, and swine)
and are considered enzootic from northern South Amer-
ica to southern Mexico (Rodriguez and Nichol, 1999). In
the United States, clinical disease compatible with VS
has been reported sporadically since the mid-1800s
(Hanson, 1950). In 1995 and 1997, VS outbreaks caused
by VSV-NJ were reported in the western United States.
This was the first reported clinical appearance of VS in
this the western United States since 1985 (Bridges et al.,
1997). In addition to VSV-NJ, in 1997 VSV-IN1 was iden-
tified as a causal agent of clinical disease. This was the
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171first clinical reappearance of VSV-IN1 in the United
States since 1966 (McCluskey et al., 1999). Furthermore,
in the spring of 1998, more cases of VSV-IN1 were re-
ported in the western United States. The origin of these
viruses and the mechanisms mediating their appearance
remain unclear.
Phylogenetic analysis of VSV isolates from North and
Central America suggested an evolutionary pattern in
which geographic rather than temporal factors influence
the evolution of VSV (Nichol et al., 1989). There is evi-
dence that ecological factors rather than immune selec-
tion are the main selective forces influencing VSV evo-
lution in enzootic areas (Rodriguez et al., 1996). Within
these areas, specific viral genetic lineages can be main-
tained for many years with little genetic change (Rodri-
guez et al., 1996). This genetic stability within geograph-
ical regions allows the use of phylogenetic analysis to
predict the possible geographical and, in some cases,
ecological zone from which viral strains originate.
In this manuscript, we describe the phylogenetic anal-
ysis based on partial phosphoprotein and glycoprotein
gene sequences of VSV strains collected in the western
United States in 1995, 1997, and 1998 and from Mexico
between 1984 and 1997. These sequences and those of
viral strains from Central and North America were used
to reconstruct their phylogeny. Together with epidemio-
logical data and geographical distribution of the out-
breaks, these data showed that in the last 30 years, each
sporadic cycle of VS activity in the western United States
was associated with a distinct viral lineage. These vi-
0042-6822/00 $35.00
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172 RODRIGUEZ ET AL.ruses cease to cause detectable clinical disease in the
western United States, but closely related viral lineages
continue to cause disease in southern Mexico.
RESULTS
Overall phylogeny of VSV
Figure 1 shows the phylogenetic tree obtained by
maximum parsimony analysis of partial phosphoprotein
gene sequences of 166 unique taxa representing 200
viruses from Central and North America including 35
isolates of VSV-IN1 and 25 of VSV-NJ from recent out-
breaks in the United States and Mexico (for details, see
Table 1). Both NJ and IN1 strains were included in this
tree, and the distantly related Chandipura virus was used
as outgroup. The overall topology showed a strong cor-
relation between position in the phylogenetic tree and
geographical origin for viruses of the IN1 and NJ sero-
types. Viruses originating in North America (United
States and Mexico) and northern Central America (Gua-
temala, Belize, Honduras, and El Salvador) shared a
common ancestor and formed a distinct North American
genetic group (NA). This group was supported with boot-
strap values of 74 and 79 for the NJ and IN1 serotypes,
respectively (Fig. 1). Viruses originating in southern Cen-
tral America (Nicaragua, Costa Rica, and Panama) were
grouped in several discrete lineages well separated from
the NA group. Similar topology was observed in phylo-
genetic trees obtained by neighbor-joining analysis (not
shown).
Phylogeny of VSV-IN1
Few specimens of VSV-IN1 were available for analysis,
reflecting the fact that this serotype causes a minority of
VS outbreaks. The NA clade contained all viruses caus-
ing outbreaks in the United States from 1929 to 1998, all
viruses from Mexico, and from northern Central America
(Fig. 2A). Viruses causing outbreaks in Indiana, New
Mexico, and Colorado in 1929, 1942 and 1956, respec-
tively, shared the same lineage with two identical viruses
(see Table 1) circulating in Jalisco in 1986 and in Vera-
cruz in 1987 (Fig. 2A). Viruses causing outbreaks in the
western United States in 1997 and 1998 grouped in a
single genetic lineage diverging from those of previous
United States outbreaks by 3% but only 0.7% divergent in
the P gene from a virus circulating in southcentral Mex-
ico (in0197cmb) during 1997 (Table 2).
Phylogeny of VSV-NJ
Two distinct clades were observed within the NA
group of VSV-NJ: clade I containing all viruses from the
United States and Mexico and clade II containing viruses
from northern Central America (Fig. 1). Two VSV-NJ iso-
lates from Utah in 1949 (nj49utb and nj49utb2) were the
only exceptions to this and grouped with viruses from
Guatemala and Belize in clade II (Fig. 1). Distinct virallineages were associated with each epizootic VS cycle in
the western United States. Each of these separate lin-
eages also contained viruses from Mexico (Fig. 2B). For
example, viruses causing epizootics in 1984–1985 in
New Mexico and Texas and in Chihuahua (ch) in north-
western Mexico, were closely related to viruses circulat-
ing in the States of Michoacan (mh) and Morelos (mr) in
central Mexico between 1983 and 1986 (Fig. 2B). Simi-
larly, viruses causing the 1995–1997 VSV-NJ outbreaks in
CO and NM were closely related to viruses circulating in
Guerrero (go), Veracruz (vc), and Oaxaca (oa) in 1996,
1989, and 1984, respectively (Fig. 2B). Within clade I there
were several viral lineages only present in enzootic ar-
eas of Mexico that were not associated with outbreaks in
the United States. Clade I also contained the Hazelhurst
strain (nj52GAP) and all viruses from the southeastern
United States from 1943 to 1989 in a distinct viral lineage.
There were no viruses from Mexico or from the western
United States in this viral lineage, except for a 1965
Texas isolate (nj65txb).
To confirm the topology obtained using the phospho-
protein gene sequences, we analyzed a subset of 46
VSV-NJ from Central and North America using partial
glycoprotein sequences (Fig. 3). The topology of this tree
was very similar to that obtained using the phosphopro-
tein sequences with all North American and northern
Central American viruses grouping in a single group (NA)
and two clades (I and II). Representative sequences from
the 1982/1983, 1985, and 1995 outbreaks in the western
United States each grouped in a separate lineage within
clade I that included viruses from enzootic areas in
Mexico. Viruses from the southeastern United States
were also contained within clade I but in a lineage
separate from the western United States. Clade II con-
tained viruses from northern Central America and a 1949
virus from Utah (nj.0.49utb). All relevant nodes in this tree
were supported by high bootstrap values (Fig. 3).
Molecular epidemiology
Some of the questions addressed in this study were
whether the same VSV-NJ strain caused outbreaks in
1995 and in 1997 and the same VSV-IN1 strain caused
outbreaks in 1997 and 1998. Among 33 VS-IN1 viruses
sequenced from Colorado, New Mexico, Utah, and Ari-
zona (26 from 1997 and 7 from 1998) there were 8 unique
genotypes diverging by 0.2–0.7% at the nucleotide level
in the phosphoprotein (P) gene sequence (Table 2).
Twelve VSV-IN1 viruses causing outbreaks in Colorado,
New Mexico, and Utah between 6/97 and 11/97 had
identical P gene sequence (Table 1). Furthermore five
viruses, occurring in New Mexico in the spring of 1997
and in the summer of 1998, were identical to two viruses
from Colorado from 9/97 (Table 1). These data showed
that the same VSV-IN1 caused outbreaks in the spring of
1997 and the summer of 1998. In the case of VSV-NJ,
173VESICULAR STOMATITIS GENETIC LINEAGES IN THE WESTERN UNITED STATESFIG. 1. Phylogenetic tree representing 100 equally parsimonius trees obtained by maximum parsimony analysis of 166 partial phosphoprotein
sequences of VSV NJ and VSV-IN1 strains from North and Central America. Country of origin is indicated by a two-letter code as follows: Ecuador
(EC), Panama (PN), Costa Rica (CR), Nicaragua (NC), Honduras (HD), El Salvador (ES), Guatemala (GM), Belize (BL), Mexico (MX), and United States
(US). Horizontal lines represent genetic distance in nucleotide steps. Bootstrap values $69 are shown at each relevant node. Trees with similar
topology were obtained by the neighbor-joining method (not shown).
TABLE 1
Description of Vesicular Stomatitis Viruses Characterized in This Study
Strain (&) State County Sequence in tree†
IN07/86JAB2 Jalisco, Mexico Atotonilco IN87VCB
IN01/97CMB Colima, Mexico Comala IN0197CMB
IN07/97NME2 New Mexico Santa Fe IN0697NME
IN08/97COE14 Colorado Montezuma “
IN08/97COE10 Colorado Montezuma “
IN08/97COE4 Colorado La Plata “
INO8/97COE8 Colorado Conejos “
IN10/97COE Colorado Adams “
IN06/97NME New Mexico Bernalillo “
IN06/97NME2 New Mexico Sandoral “
IN07/97NME3 New Mexico Valencia “
IN09/97NME New Mexico Mova “
IN11/97NME New Mexico San Juan “
IN09/97UTE2 Utah San Juan “
IN07/97COE5 Colorado Pueblo IN0897COE7
IN07/97COE8 Colorado Pueblo “
IN08/97COE7 Colorado Fremont “
IN08/97COE9 Colorado Fremont “
IN08/97COE6 Colorado Fremont “
IN09/97COE2 Colorado Fremont “
IN07/97NME2 New Mexico Santa Fe “
IN09/97COE3 Colorado Morgan IN0997COE3
IN07/97NME New Mexico Dona Ana IN0997UTE
IN09/97UTE Utah Uintah “
IN10/97UTE2 Utah Uintah “
IN10/97AZE Arizona Maricopa IN1097AZE
IN10/97COE2 Colorado Pitkin IN1097COE2
IN07/98COE Colorado Boulder IN0598NME
IN07/98COE4 Colorado Weld “
IN08/97COE Colorado Larimer “
IN09/97COE2 Colorado Larimer “
IN09/98COE10 Colorado Larimer “
IN05/98NME New Mexico Otero “
IN06/98NME New Mexico Catron IN0698NME
IN09/98COE11 Colorado Weld IN0998COE11
NJ07/86MRB(*) Morelos, Mexico Yautepec NJ0786MRB
NJ05/89VCB Veracruz, Mexico Tierra Blanca NJ0589VCB
NJ07/89CPB4 Chiapas, Mexico Tuxtla Gutierrez NJ0789CPB4
NJ12/96CPB(*) Chiapas, Mexico n.d. NJ1296CPB
NJ01/94TBB2(*) Tabasco, Mexico Centla NJ0194TBB2
NJ11/95PBB(*) Puebla, Mexico Coatlinchan NJ1195PBB
NJ12/95MRB2(*) Morelos, Mexico Yautepec NJ1295MRB2
NJ02/96VCB(*) Veracruz, Mexico Tlapacoyan NJ0296VCB
NJ09/97VCB Veracruz, Mexico n.d. NJ0997VCB
NJ08/96GRB(*) Guerrero, Mexico Juan R. Escutia NJ0896GRB
NJ08/90HGB(**) Hidalgo, Mexico n.d. NJ0890HGB
NJ06/97CPB(*) Chiapas, Mexico Berriozabal NJ0697CPB
NJ10/96CPB2(*) Chiapas, Mexico n.d. NJ1096CPB2
NJ06/95NMB New Mexico Valencia NJ0695NMB
NJ07/95NMB2 New Mexico San Juan “
NJ07/95COB Colorado Montezuma NJ0795NMB
NJ10/95COB(*) Colorado Rio Grande “
NJ07/95NMB New Mexico Bernalillo “
NJ08/97COE2 Colorado Montezuma NJ0997COE
NJ09/97COE Colorado Longmont “
NJ10/97COE2 Colorado Pitkin “
NJ10/97COE4 Colorado Araphoe “
NJ10/97COE Colorado Adams “
NJ10/97COE3 Colorado Weld “
NJ10/97COE6 Colorado Fremont “
Note. (&) Strain nomenclature includes serotype (NJ or IN), month/year of clinical case, State, host species (E 5 equine, B 5 bovine) and individual
case number. (*) indicates viruses for which phosphoprotein and glycoprotein genes were sequenced, (**) only glycoprotein gene sequenced. For all
others only phosphoprotein gene was sequenced. n.d.: no data.† The sequences reported in this paper have deposited in GenBank (Accession Nos. AF252217–AF252253).
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three unique genotypes were found (Table 1). Identical
viruses caused outbreaks in Colorado and New Mexico
in 1995 (Table 1). All 1997 viruses grouped in the same
lineage and diverged only by 0.2–0.4% at the nucleotide
level in the P gene from those from 1995, suggesting they
were the same strain (Table 3).
Patterns of VS occurrence in the United States
Table 4 summarizes reports of clinical disease com-
patible with VS documented from 1906 to 1998. In the
western United States, cases of VSV-NJ and to a lesser
extent VSV-IN1, occurred in epizootic cycles lasting as
long as 3 years at ;10-year intervals (Table 4). In con-
trast VS did not occur in well-defined epizootic cycles in
the southeastern United States, where outbreaks caused
only by VSV-NJ were documented in farm animals almost
FIG. 2. Close-up view of maximum parsimony tree in Fig. 1 showing V
(nj or in), month and year of isolation, geographical origin (state code
Morelos; pb, Puebla; cp, Chiapas; ch, Chihuahua; mh, Michoacan; tb, Ta
information on virus nomenclature, see Table 1. Bootstrap values $65every year from 1934 to 1977 as shown in Table 4. To ourknowledge, VSV-IN1 has never been found in the south-
eastern United States (Stallknecht et al., 1986).
Patterns of VS occurrence in Mexico
According to records from the Exotic Animal Disease
Commission of Mexico, VS outbreaks occurred with dif-
ferent frequency between the northern and southern
States of Mexico (Table 5). In northwestern Mexico, VS
occurrence is sporadic, whereas in central and south-
western states VS occurs in enzootic form. For example,
from 1981 to 1998, VS outbreaks, caused by the NJ
serotype, occurred sporadically in the northern border
states of Chihuahua, Sonora, and Nuevo Leon. In con-
trast VS outbreaks caused by VSV-NJ occurred every
year in Veracruz, Chiapas, and Tabasco in southern Mex-
ico (Table 5). Between 1981 and 1998, 90% of outbreaks
trains (A) and clade I of VSV-NJ (B). Sequence names indicate serotype
nited States or in Mexico: vc, Veracruz; go, Guerrero; oa, Oaxaca; mr,
, and species affected (e 5 equine, b 5 bovine, p 5 porcine). For more
own at relevant nodes.SV-IN s
in the U
basco)
are shreported in Mexico were caused by VSV-NJ. Among the
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I
I
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176 RODRIGUEZ ET AL.few outbreaks caused by VSV-IN, was one outbreak
reported in the State of Colima in Central Mexico in 1997.
DISCUSSION
A total of 166 unique partial phosphoprotein gene
sequences representing 200 viruses from Central and
North America were used in our phylogenetic analysis,
including both VSV-NJ and VSV-IN1. The overall topology
for both serotypes showed a strong correlation between
geographical origin and position in the phylogenetic tree
(Fig. 1). Similar results were obtained when partial gly-
coprotein sequences of a subset of VSV-NJ strains were
used to perform the phylogenetic analysis (Fig. 3). The
fact that all viruses from the United States and Mexico
grouped in a separate clade within each serotype shows
that these viruses share a close common ancestry. Ni-
chol was the first to suggest this relationship by using T1
RNA-nuclease analysis (Nichol, 1987). This was further
confirmed by sequencing the nucleocapsid, phosphopro-
tein and glycoprotein genes of selected VSV-NJ and
VSV-IN1 from North and Central America (Bilsel et al.,
1990; Bilsel and Nichol, 1990; Nichol et al., 1989). Our
data confirmed the close genetic relationship among
North American viruses within the VSV-NJ and VSV-IN1
serotypes, respectively. Furthermore, we clearly showed
their separation into a distinct genetic lineage (NA). The
biological basis for this genetic divergence remains un-
clear. However, distinct genetic lineages have been as-
sociated with different ecological enzootic areas of
Costa Rica and Panama, suggesting an adaptation of
viruses to specific conditions in these areas (Rodriguez
T
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3.5 3.5 3.0 3.3 3.3 —et al., 1996).FIG. 3. Most parsimonious tree obtained by maximum parsimony
analysis of 46 partial glycoprotein gene sequences of VSV-NJ from
Central and North America. For strain description, see legend in Fig. 1
and Table 1. Bootstrap values $65 are shown at relevant nodes.
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177VESICULAR STOMATITIS GENETIC LINEAGES IN THE WESTERN UNITED STATESPhylogenetic analysis of VSV-NJ showed that viruses
causing the 1995 and 1997 outbreaks in western United
States were closely related among themselves and
grouped in the same genetic lineage. Furthermore, iden-
tical strains of VSV-IN1 caused outbreaks in NM and CO
in 1997 and 1998. There are at least two possible expla-
nations for this: either VSV is capable of persisting for $2
years in the West or the same viral strains of VSV-NJ and
VSV-IN1 were reintroduced in two consecutive years
from enzootic foci elsewhere. Our evidence cannot rule
out either possibility, but the later seems unlikely given
the large genetic diversity of VS viruses observed in
enzootic areas (Nichol et al., 1993; Rodriguez et al., 1996).
The observation that VSV can apparently persist in the
western United States for $1–2 years, could lead us to
believe that VSV is enzootic in this area. However, char-
acteristics found in enzootic areas such as high preva-
lence of antibodies to VSV in domestic animals, wildlife,
and people, and VSV isolations from insect vectors in the
absence of clinical outbreaks are missing in the western
United States (Hanson, 1981; Tesh et al., 1969; Rodriguez
t al., 1990). In the western United States, VS occurrence
s sporadic, prevalence of antibodies to VSV in livestock,
umans, and wildlife is low, and viral isolations from
ectors are restricted to the periods of clinical VS activity
Walton et al., 1987; Webb et al., 1987a; Reif et al., 1987).
It has been suggested that VSV could be maintained in
the Southwest in a cryptic cycle in wildlife or as subclin-
ical persistent infections in domestic animals. Evidence
supporting this idea comes from serological surveys that
have detected subclinical infections of domestic animals
or wild animals in years when clinical disease was not
documented (Mumford et al., 1998; Webb et al., 1987b).
T
Comparison of Genetic Distances (% Nucleotide Divergence)
in the Western United States in 1995/199
NJ0997
COE
NJ795
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COB 6.2 6.0 6.2owever, these surveys were carried out within 1–2years after an epizootic. Therefore the observed sero-
conversions could represent residual viral activity of the
last epizootic cycle.
Another characteristic found in enzootic areas is great
viral genetic diversity; many viral lineages cause clinical
cases during periods of seasonal activity. In contrast,
little genetic variation was observed among viruses from
the West in 1995, 1997, and 1998. This lack of genetic
diversity was also observed among viruses causing out-
breaks in 14 States in 1982–1983 (Nichol, 1987). This
pattern is consistent with introductions and short-term
maintenance of individual viral lineages associated with
each cycle of epizootic activity in the western United
States. It could be argued that other undetected genetic
lineages of VSV were also causing outbreaks. However,
we did not find any additional viral lineages despite
sequencing 20% of all VSV-IN1 and VSV-NJ isolates from
the 1997–1998 outbreaks in the western United States.
Clinical VS occurred in the western United States at
intervals of ;10 years, each cycle of epizootic activity
lasted for as long as 3 years. Extensive VS outbreaks
occurred in the western United States in 1906, 1916,
1926, 1943–1944, 1949, 1964–1966, 1972, 1982–1983,
1985, 1995 and 1997–1998 (see Table 4). In contrast, VS
was reported nearly every year between 1949 and 1977
in the Southeast, suggesting a pattern of occurrence
similar to that observed in enzootic areas. The phyloge-
netic analyses presented here support two different pat-
terns of VS occurrence, each associated with a distinct
viral genetic lineage: an epizootic cycle in the West and
an enzootic-like pattern in the Southeast. Interestingly,
there have not been any reports of clinical activity of VS
in the Southeast since 1977. The only reports of VS
Phosphoprotein Gene of Unique Genotypes of VSV-NJ Found
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178 RODRIGUEZ ET AL.Island, GA, where an endemic VSV-NJ cycle involving
feral swine and sand flies has been described
(Stallknecht et al., 1985).
It has been suggested that viruses causing the out-
breaks in the West originate in enzootic areas of Mexico
T
Vesicular Stomatitis Outbrea
Year States reported Spe
1906 CO N.D
1916 CO, UT, MT, WY, MO, NE, CA, KS, SD, IL B, E
1925 KS, IN B, E
1926 NJ B, E
1926 CO B, E
1934–35 VA, WV B
1937 WI, MN B, E
1941 TX, LA, AL E
942 CO B, E
943 CO B, E
943 MO S
944 CO, TX B, E
945 CA B, E
947 AZ E
949 AZ, TX, CO, UT, WY, MT, MN, WI, CA B, E
949 AL, MS, GA, TN, FL B
952 GA B, S
953 GA, NC, VA, WV, MD, OK, NJ B, S
954 FL, GA, SC B, S
955 GA, NC, SC, LA B, S
956 GA, NC, SC, LA S, E
1956 NM, CO B, E
1957 GA, NC, SC, LA, AK, OK B, S
1958 GA, NC, SC, LA B, S
1959 GA, NC, SC, VA, WV, LA, MS B, S
1959 TX, NM B, E
1960 GA, NC, SC, LA, TX B, S
1961 AL S
1962 AL S
1963 GA, AL, SC, AR, FL B, E
1964 TX, OK, AR, MO, CO B, E
1965 NM, CO, UT B, E
1966 TX, OK, AR, SC, MS B, E
1966 CO, NM, UT B, E
1967 LA S
1968 LA B, E
1969 LA B
1970 NC, SC B
1972 CO, NM E
1972 LA B
1973 LA, MS B
1974 NC B
1977 SC B
982/83( Ù ) AZ, NM, UT, CO, WY, ID, MT, SD, CA,
NE, KS, MS, WA, OR
B, E
984 TX B
985 NM, AZ, CO B, E
995 AZ, CO, NM, TX, UT, WY B, E
997 AZ, CO, NM, UT E, B
998 AZ, CO, NM, TX E
Note. (*) number of premises estimated by the authors based on the r
Ù ) indicates that outbreak continued through the winter of 1983. Spec(Nichol, 1987). Our results showed that viruses causingthe last 3 cycles of VS in the western United States were
closely related to viral strains from Mexico. This cannot
be explained by geographical proximity since in the
northern states of Mexico, VS occurs sporadically much
like in the western United States. Introduction of infected
e United States 1906–1998
Serotype
No. of premises
affected (*) Reference
N.D. .200 (Heiny, 1945)
N.D. .200 (Eichhorn, 1917)
IN N.D. (Cotton, 1927)
NJ N.D. (Cotton, 1927)
N.D. .200 (Heiny, 1945)
N.D. N.D. (Hanson, 1950)
N.D. N.D. (Brandly et al., 1951)
N.D. N.D. (Hanson, 1950)
IN .200 (Heiny, 1945)
NJ .200 (Heiny, 1945)
NJ 1 (Hanson, 1950)
NJ .200 (Heiny, 1945)
NJ 1 (Hanson, 1950)
N.D. 50 (Hanson, 1950)
NJ .5000 (Hanson, 1950)
NJ N.D. (Hanson, 1950)
NJ N.D. (Meyer et al., 1960)
NJ N.D. (Meyer et al., 1960)
NJ N.D. (Meyer et al., 1960)
NJ N.D. (Meyer et al., 1960)
NJ N.D. (Meyer et al., 1960)
IN N.D. (Meyer et al., 1960)
NJ 372 (Meyer et al., 1960)
NJ N.D. (Meyer et al., 1960)
NJ N.D. (Meyer et al., 1960)
NJ 115 (Meyer et al., 1960)
NJ N.D. (Meyer et al., 1960)
NJ N.D. (Jenney, 1967)
NJ N.D. (Jenney, 1967)
NJ 240 (Jenney, 1967)
IN/NJ .200 (Jenney, 1967)
IN 124 (Jenney, 1967)
NJ N.D. (Jenney, 1967)
IN and NJ 600 (Jenney, 1967)
NJ 1 (Jenney, 1967)
NJ N.D. (Jenney & Brown, 1972)
NJ N.D. (Jenney & Brown, 1972)
NJ N.D. (Jenney & Brown, 1972)
NJ 13 (Jenney et al., 1980)
NJ 19 (Jenney et al., 1980)
NJ 5 (Jenney et al., 1980)
NJ 1 (Jenney et al., 1980)
NJ 1 (Jenney et al., 1980)
NJ 627 (Jenney et al., 1984)
NJ 1 (Jenney et al., 1980)
NJ 256 (Hall, 1985)
NJ 367 (Bridges et al., 1997)
IN, NJ 380 (McCluskey et al., 1999)
IN 130 (McCluskey et al., 1999)
e provided. Outbreaks involving the western United States are in bold.
cted: B: bovine, E: equine, H: human, S: swine.ABLE 4
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year mostly into Texas without reports of clinical out-
breaks. It has been suggested that infected insects orig-
inating in enzootic areas of Mexico could be carried
by wind into the southern United States (Sellers and
Maarouf, 1990). If this was the case, we should expect
more cases reported in Northern Mexico prior to or
during United States epizootics which has not been the
case. Perhaps the environmental conditions or animal
populations necessary to allow epizootic transmission of
VSV are not present in northern Mexico. Alternatively,
this might be due to differences in surveillance between
northern Mexico and the United States.
In conclusion the phylogenetic data and the geograph-
ical and temporal distribution of VS outbreaks indicate
that VS occurs sporadically and does not have a stable
cycle in western United States or in northern Mexico.
Studies of VSV’s natural cycle in enzootic areas of Mex-
ico are necessary to gain a better understanding of the
mechanisms and factors that could determine the emer-
gence of these viruses in the United States.
MATERIALS AND METHODS
Viral strains and RNA extraction
Thirty-five isolates of VSV-IN1 and 25 of VSV-NJ from
recent outbreaks in the United States and Mexico were
genetically characterized (Table 1). Viral strains from
outbreaks occurring in western United States in 1995
and 1997 were obtained from USDA/APHIS National Vet-
TABLE 5
Vesicular Stomatitis Outbreaks in Selected Areas
of Mexico from 1981–1998
Years of occurrence
Laboratory-
confirmed
outbreaks
orthern States
Sonora 1982, 1984, 1985 20
Chihuahua 1981, 1982, 1984, 1994 27
Cohauila N/A 0
N. Leon 1985, 1996 4
Tamaulipas N/A 0
entral and Southern
States
Veracruz 1981 to 1998 432
Chiapas 1981 to 1998 366
Tabasco 1981 to 1998 206
Jalisco (1981 to 1986, 1993 to
1994, 1996 to 1997)
108
Guerrero (1982 to 1987, 1992, 1994
to 1996)
98
Michoacan (1981, 1983, 1984, 1986,
1988, 1993 to 1996)
96
Morelos (1981, 1982, 1984 to 1987,
1992 to 1996)
76erinary Services Laboratory in Ames Iowa (equine sam-ples), or from the Foreign Animal Disease Diagnostic
Laboratory at Plum Island Animal Disease Center (bo-
vine samples). Virus strains causing outbreaks in Mexico
were obtained from the Exotic Animal Disease Commis-
sion Laboratory in Palo Alto, Mexico D.F. (Table 1). Sam-
ples were either epithelia taken from clinically affected
animals and kept frozen in transport medium or tissue
culture supernatant from passage 1 in Vero or BHK-21
cells. Total RNA was extracted directly from ;1 g of
macerated epithelium or from 250 ml of infected tissue-
culture supernatant fluid from first virus passage in tis-
sue culture, by the acid guanidine thiocyanate method
using Trizol (Life Technologies, Grand Island, NY) as
previously described (Rodriguez et al., 1997). RNA pellets
were resuspended in sterile water and kept at 270 C
until tested.
Reverse transcriptase–polymerase chain reaction
(RT–PCR)
Samples were tested in a one-tube RT–PCR using the
rTth RNA PCR kit (GeneAmp EZ rTth RNA PCR kit, Per-
kin–Elmer, Branchburg, NJ) as previously described (Ro-
driguez, et al., 1997). Nucleic acid amplifications were
done in a 9600 Perkin–Elmer thermocycler, using the
following temperature profile: 60°C for 30 min (reverse
transcription step), followed by 35 cycles of 95°C (15 s),
60°C (90 s), and a final elongation step at 60°C for 10
min. Products were analyzed by electrophoresis on a 2%
agarose gel and visualized by ethidium bromide staining.
Two sets of primers were used during this study: primers
NJP-102F/NJP-831R, and INP-179F/INP-793R specifically
amplified a 729- and 614-nucleotide region of the phos-
phoprotein gene of VSV-NJ and VSV-IN1, respectively. In
addition, an internal primer NJP-426F was also used to
sequence the hypervariable region of the P gene of
VSV-NJ. In selected VSV-NJ viral strains, a 742-nucleotide
fragment of the glycoprotein gene was sequenced. Prim-
ers NJG-1F and NJG-850R were used in RT–PCR as
described above. Primers NJG-394F and NJG-368R were
used for direct sequencing of RT–PCR products. Primer
names indicate the serotype, target gene, position start-
ing from the first nucleotide of the open reading frame
and sense (forward or reverse). All primer sequences are
available from the authors upon request.
Sequencing and phylogenetic analysis
Products of RT–PCR were sequenced by dideoxy se-
quencing with the primers described above using a Big-
Dye Terminator sequencing kit and a 370A automated
sequencer (PE Applied Biosystems, Foster City CA). The
Sequencher software was used to clean nucleotide se-
quence fragments. Multiple sequence files were com-
piled and manually aligned using the Wisconsin Se-
quence Analysis Package, version 8.1 (Genetics Com-
puter Group, Inc., Madison, WI). Twenty-seven unique
phosphoprotein gene nucleotide sequences were found
BB
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S
180 RODRIGUEZ ET AL.among 35 viruses analyzed (GenBank Accession Nos.
AF252217–AF252253). Fragments of 450 nucleotides for
VSV- NJ or 423 nucleotides for VSV-IN1 containing the
hypervariable region of the phosphoprotein (P) gene
were used for phylogenetic analysis as previously de-
scribed (Rodriguez et al., 1996). An additional 139 partial
P gene sequences of VSV NJ and VSV IN1 previously
determined were also obtained. A 489-nucleotide partial
P gene sequence of Chandipura virus was included in
the alignment and used as outgroup in the phylogenetic
analysis. Sequence fragments were manually aligned
and incorporated into a multiple sequence file as de-
scribed above. Phylogenetic analysis was performed by
maximum parsimony using PAUP 4.0 beta version (Swof-
ford, 1998) in a Power Macintosh G3. Maximum parsi-
mony settings included a character weighting of 2:1
transition/transversion (ts/tv) ratio, branch-swapping al-
gorithm was tree-bisection-reconnection (TBR). Boot-
strap analysis was done by performing 1000 replicates. A
ts/tv ratio of 2.57 was determined for the P gene data set
of 166 sequences each 489 nucleotides long by using
DISTREE version 1.0 using the Hasegawa model of sub-
stitution (Hasegawa et al., 1985) (Schaefer, J. and Schoe-
niger, M., 1996, DISTREE v. 1.0). In a subset of 46 VS-NJ
viruses, phylogenetic analysis was also performed using
a 742-nucleotide fragment comprising nucleotides 61–
802 of the open reading frame of the glycoprotein gene.
Maximum parsimony analysis was performed as de-
scribed above but a transition/transversion ratio of 3:1
was used.
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